An ecological impact assessment of crude-oil spills was carried out on the environment of an oil-rich community in the Niger Delta of Nigeria. Samples of the topsoil (0−15 cm), subsoil (15−25 cm) and the dominant species Gamba grass (Andropogon gayanus) were collected using the transect method from the point of spills. The samples were also collected from an unimpacted location (control). The samples were wet-digested and the concentrations of Pb, Cd, Cu, and Zn were determined by flame atomic absorption spectrophotometry, while the physico-chemical properties of the topsoil were determined by standard methods. The data were subjected to Student t test, ANOVA and Pearson correlation analysis, and the models for pollution assessment were employed to assess the pollution status of the soil and plant species. The results showed that concentrations of Pb, Cu and Zn in the topsoil exceeded international standards at close proximity to point of spills (0−200 m), while Cd concentrations exceeded the international standard at all the locations. Only Cd exceeded the international standard in the subsoil. Contamination (Pi) and integrated pollution (Pc) indices of the topsoil showed reducing trends from the point of pollution, and locations at 0 m and 100 m exhibited high Pc, while those at 200 m showed moderate Pc by all metals. The levels of Pb and Cd in the diagnostic species exceeded the World Health Organization limits and the pollution load index (PLI) portrayed severe contamination. In conclusion, the impact of crude-oil spills in the area was significant; soil remediation is important to avert ecological and human health disasters. Moreover, these findings will be useful for designing strategic measures for environmental control in the area.
Introduction
In the quest for industrialisation and greater economic empowerment, many developing countries, including Nigeria, have interfered with the environment to the extent that there is currently widespread environmental degradation and devastation with attendant climatic, economic and health effects. Since the beginning of petroleum production in Nigeria in 1958, many documents are available on the petroleum spills into agricultural lands through petroleum production operations (Odu et al., 1985; Imoobe & Iroro, 2009) . Although, the petroleum industry has contributed immensely to the economy and development of Nigeria, oil exploration, transportation and marketing operations have also presented some attendant negative impacts on the environment. Ozurumba (1999) showed that in 1999 alone about 47 major oil spillages due to vandalisation occurred in Nigeria resulting in damage to lives, plants and animals. Between 1976 and 1996 , Gideon & Josephine (2008 reported that over 647 spillages occurred spilling 2,369,407.04 barrels of crude oil with only 549,060.38 barrels (23%) being recovered, while 1,820,410.50 barrels (77%) were lost to the environment. The cause of these serious spillages was attributed to blowouts, sabotage, corrosion of pipelines, equipment failure, operator or maintenance error, third party accelerant, natural spills and misery spills (Imoobe & Iroro, 2009 ). Ekundayo & Obuekwe (2000) indicted oil spills for the introduction of heavy metals such as Cu, Ni and Hg into the soil, which impair the biota due to their toxicity. Oil spill affects the physical-chemical properties of the soil, such as temperature, structure, nutrient status and pH. The effects of heavy metal pollution may be immediate if crops planted in spill sites which have accumulated the metals are consumed by man and livestock.
Okordia and Oya in Ikarama community are hosts to Agip and Shell companies, but very little has been documented with respect to the impact of their activities on immediate environment. Based on this, the community needs to be environmentally audited from time to time so as to advise the stakeholders in the petrochemical industries, the government and the local communities on the potential health risks posed by the oil industry. Several studies have also indicated that metal pollution (e.g. Pb, Cd and Ni) is responsible for certain diseases of humans and animals (Gustav, 1974; Nolan, 2003; Young, 2005) ; and thus, there is a need for cleaning up oil-contaminated soil. So far, phytoremediation has proved to be cheaper and sustainably feasible in cleaning up pollutants from the soil (Joner et al., 2004) . Hence, identification of plants growing in oil-spill impacted land with potentials to accumulate metals is imperative in order to establish suitable plants for the clean-up of metals in oil-spill impacted locations. Therefore, this study was undertaken to investigate the impact of oil spill on the soil and vegetation of this oil-rich community with respect to their heavy metal loads.
Materials and methods

Study area
The study sites Okordia and Oya are in Ikarama (05°09'16" N, 06°27'11 E), a small community situated within Yenogoa Local Government Area, Bayelsa State, Nigeria (Figure 1 ). Bayelsa state is strategically located at the centre of the Niger Delta region of Nigeria, which is one of the richest wetlands in the world with a tropical climatic condition of a rainy season (April to November) and a dry season (December to March) and an annual rainfall ranging between 1,500 and 4,000 mm (Kuruk, 2004) . Ikarama community is a host to Nigeria's Agip Oil Company and Shell Petroleum Development Company (SPDC). The SPDC pipelines linking Delta, Bayelsa and River states in Nigeria pass through Ikarama community and oil spills from equipment failure have been reported to be the major environmental contamination of this community (MOEN, 2008 
Sampling and chemical analysis
Soil and plant samples were collected from 2 oilspill impacted sites at Okordia and Oya and the sampling activities were carried out in September 2009. At each crude-oil impacted site, a line transect was set from the centre point of the spill in any accessible direction and soil samples were collected at every 100 m along the transect to a distance of 400 m. The short transect distance was premised on the fact that most of the area was inundated with seawater. At every sampling point, 5 soil samples were randomly collected from the depth of 0−15 cm and 15−25 cm, respectively (topsoil and subsoil, respectively), with a stainless soil auger, and a total of 50 soil samples (25 samples each of topsoil and subsoil) were collected in each site. The dominant plant species -Gamba grass (Andropogon gayanus) -was sampled at every point of soil collection in the 2 sites, while the samples that served as the control were collected at Zarama, a location that has not experienced crude oil spill. Roots of the samples were discarded at the site and the shoots were properly packed in a paper bag and labelled for laboratory analysis.
The soil samples were air-dried at room temperature, sieved through a 2-mm mesh and ground into fine powder. One (1) g of the soil sample was wetdigested using the Aqua regia method described by ISO (2002) . The resulting digestate was filtered using Whatman No 42 filter paper into a beaker and diluted with deionised water to make up 25 mL. Four metal concentrations (Pb, Cd, Cu, and Zn) were determined by flame atomic absorption spectrophotometer (Bulk Scientific 210VGP, USA). One (1) g of the powdered plant sample was digested in 10 mL of conc. HNO3 on a hot plate until fumes turned white. The solution was filtered using Whatman No 42 filter paper and analysed for Pb, Cd, Cu and Zn using the FAAS (Bulk Scientific 210VGP, USA).
Procedural blanks and replicates' digestion were carried out for QA/QC. A calibration graph for each element determined by the AAS was drawn by using a series of working standard solutions (CPI International, USA) and correlation coefficients greater than 0.850 were obtained for all the elements. The soil pH was determined in a soil-deionised water suspension (1:2.5 w/v) by a calibrated pH meter (PHS-3C model); electrical conductivity (EC) was determined using a conductivity bridge (Hanna EC-214 model) and soil particle size fractions were determined by the method of Bouyoucos (1962) .
Statistical analyses and assessment of metal pollution
The data generated were subjected to the analysis of variance (ANOVA) and the means were separated with Duncan multiple range test (DMRT) using the Statistic Package for Social Sciences (SPSS) and Excel 2007 for Windows version 16. Student t test was employed to test a significant difference between the metal in the soil and the diagnostic plant, while Pearson coefficient of correlation was used to determine the relationship between the metal in the soil and the plant at p < 0.05, respectively.
Heavy metal pollution of the soil was assessed by the use of the contamination index (Pi) and integrated contamination index (Pc) models suggested by Huang (1987) . The expression for the models is represented in Equations 1-4 and the applied threshold values (mg kg -1 ) are presented in Table 1 .
where Ci is the metal concentration in the soil; Xa is the bo-pollution threshold value; Xb is the lowly polluted threshold value and Xc is the highly polluted value. The threshold values of Xa, Xb and Xc are defined in Table 1 based on the Chinese Environmental Quality Standard for soils (SETAC, 1995) .
The integrated contamination index (Pc) for each study distance was calculated by the following formula:
The classes of Pi and Pc according to Huang (1987) are presented in Table 2 . (Huang, 1987; D'Souza et al., 2013) .
The heavy metal pollution status of the diagnostic species was assessed using the contamination factor (CF) and the pollution load index (PLI) suggested by Fernandez & Carballeira (2001) and Kalavrouzioti et al. (2012) , respectively:
where Cm is concentration of the metal determined in the plant species; Cb is concentration of the metal determined in the control.
CF < 1 -showed no contamination (NC); 1 < CF < 2 -suspected contamination (SC); 2 < CF < 3.5 -slight contamination (SLC); 3.5 < CF < 8 -moderate contamination (MC); 8 < CF < 27 -severe contamination (SEC); and CF > 27 -extreme contamination (EC) (GonzalezMiqueo et al., 2010) .
Values of PLI close to 1 indicate that elemental loads of plant species are near to the background level, PLI 1−3 shows moderate pollution, and values > 3 indicate severe pollution (Daud et al., 2006) .
3
Results and discussion
Level of heavy metals in topsoil and subsoil
The characteristics of the topsoil in the study sites are presented in Table 3 . The topsoil was predominantly sandy with less than 2% silt and 8% clay and acidic. The sandy portions were found to constitute more than 90% of the topsoil in Okordia and Oya. The pH values of the soil ranged from 4.66 to 5.6 and from 4.09 to 4.76 for Okordia and Oya, respectively, showing that the soils were acidic. Increased acidity has been reported to enhance mobility, solubility and availability of elements in soils (Odu et al., 1985; Sauve et al., 1997) . The acidic nature of the soil of the area is not surprising because most of the soils in the south-south geographical zone of Nigeria are acidic and which may be due to their exposure to excessive precipitation leading to leaching of the basic cations and being replaced by hydrogen ion (Ngobiri et al., 2007) . This finding was consistent with the reports of Osuji & Nwoye (2007) as they also reported a pH range of 4.9-5.1 in crude-oil polluted soil and 5.6 in unpolluted soil. The electrical conductivity (EC) of the 2 oil-impacted sites range from 0.08 to 0.15 dS/m and from 0.07 to 0.18 dS/m for Okordia and Oya, respectively. The high EC observed in these impacted soils may be linked to the crude-oil spill, suggesting the presence of highly soluble solutes. Heavy metal contents of the topsoil of Okordia and Oya at various distances are shown in Table 4 . It was evident that metal concentrations of the soil decreased significantly (P<0.05) as the distance increased from the point of the spill; and metal concentrations were consistently and significantly higher (P<0.05) at 0 m. The concentrations of Pb, Cu and Zn at 0 m doubled the concentrations at 300 m and 400 m, whereas the concentrations of Cd were in several folds of metal concentrations at 300 m. It is clear that the high concentrations of heavy metals in the topsoil up to 300 m distance in the 2 sites are resultant effects of the crude-oil spill. Essoka et al. (2006) reported high concentrations of Pb and Cd in the soil around a crudeoil polluted site in Warri, Delta state in Nigeria. Comparing the metal loads of the topsoil of the 2 crude-oil impacted areas with the limits stipulated for agricultural soil by the Canadian Council of Minister of Environment (CCME) (2007), it was observed that the concentrations of Pb and Cu in the topsoil exceeded CCME limits up to 100 m distance. Cd concentrations at the 2 sites were also several folds greater than the CCME limit, while Zn concentrations exceeded the CCME limit up to 200 m distance (Table  4) .
These elevated values of heavy metals in the soil of Okordia and Oya of Ikarama suggest anthropogenic inputs into the soil due to several crude oil spillages in the area since more than 60 metals have been established to be in crude oil (Nduka et al., 2012) . The fact that there is significant metal pollution in the area becomes ecologically significant due to the agrarian nature of the community and the possibility of toxic metals being transferred up the food chain, thereby portending human health hazards.
The heavy metal loads in the subsoil of Okordia and Oya are shown in Table 5 . Generally, the concentrations of Pb, Cd, Cu and Zn in the subsoil were lower than the concentrations in the topsoil. The subsoil of the 2 sites was contaminated with Cd at all locations, while Zn contamination was up to 200 m when compared with the CCME limits. The same pattern of reduction of metal concentrations in the topsoil as the distance increases was also observed for the subsoil. 
Level of heavy metals in the diagnostic species Andropogon gayanus
The concentrations of metals in Andropogon gayanus (Gamba grass) used as biomonitor in this study are presented in Table 6 . Generally, Gambia grass in the control had the lowest values of metals. The highest concentration of metals in the diagnostic plant was obtained at the point of the spill (0 m) and subsequently decreased significantly (P < 0.05) away from the source point of pollution up to 300 m away. This reported reduction in metal concentration in the diagnostic plant as the distance increased from the source point of pollution has been earlier reported by Bada & Olarinle (2012) . -Varun et al. (2010) .
Compared with the WHO (1996) permissible limits of metals in plants, Pb and Cd exhibited elevated concentrations beyond the WHO limits at all locations. Ling et al. (2007) have asserted that heavy metal contamination of the soil may pose risks and hazards to humans through the food chain, which is soil-plant-human or soil-plant-animal-human, as well as reduction in food quality via phytotoxicity. Meanwhile, the concentrations of all the metals in A. gayanus were below the phytotoxic levels in plants as presented by Varun et al. (2010) ; and this could explain its continued survival in the presence of the elevated metal concentrations in the soil. There is also the possibility of A. gayanus being excluder of these heavy metals as the concentrations never reached phytotoxic levels despite their abundance in the soil of the area.
Student t test used to compare the metal contents of the topsoil with the grass and the Pearson correlation coefficient are presented in Table 7 . The concentrations of heavy metals in the topsoil positively and significantly correlated (p < 0.05) with the concentrations of metals in A. gayanus, except Cd at Oya. This indicates the possibility of A. gayanus taking up the heavy metals solely from the polluted topsoil. Metals in A. gayanus were significantly lower than their corresponding concentrations in the topsoil at p < 0.05 (Table 7) . This also evidently proves that high concentrations of metals in the soil do not always indicate similar high concentrations in plants; the extent of accumulation depends on plant and heavy metal species (Hart et al., 2005) . 
Pollution assessment of topsoil and diagnostic species
The pollution assessment of the topsoil using the contamination index (Pi) and the integrated pollution index (Pc) is presented in Figure 2 . It is noteworthy that the contamination levels in the 2 sites for all the metals showed a reducing trend from the source of pollution, and Cd was consistently at high levels across the locations.
The integrated contamination index (Pc) values of the locations for the 2 sites are presented in Figure  2f . The same reducing trend of the contamination index (Pi) observed at the 2 sites was also represented in the integrated contamination index (Pc). High integrated (Pc > 21) contamination was observed at 0 m and 100 m at the 2 sites due to their proximity to the source of pollution. Locations at 200 m, 300 m and 400 m in Okordia and locations at 200 m and 400 m in Oya indicated moderate integrated contamination (7 < Pc ≤ 21). The location at 300 m in Oya indicated low integrated contamination (0 < Pc ≤ 7). It is clear from the results that all the locations within the 2 sites does not fall within the threshold of no integrated contamination (Pc ≤ 0); hence, there is urgent need for remediation of the soil to avert ecological and human health disaster. The assessment of the contamination level of the diagnostic species (A. gayanus) used in this study is presented in Figure 3 . (Figure 3d ). The pollution load of the index of A. gayanus showed that all locations in the 2 sites were severely contaminated with heavy metals (Figure  3e ). This portends a grave ecological problem as food crops planted in this agricultural land can possibly accumulate metals to the levels that portend health implications to animals and humans that depend on them for survival.
Conclusion
The study has revealed that the several incidences of crude oil spillage have really impacted on the environment of Ikarama with heavy metals. The pollution indices of the soil at 0 m and 100 m were high, while the other distances (200 m, 300 m and 400 m) were of low pollution. The high metal pollution of the soil at all the distances was reflected on the diagnostic plants, as A. gayanus showed the severe metal pollution status due to uptake and eventual accumulation of metals to toxic levels in the biomass. It is obviously imperative that the government improve environmental policies to protect the Niger Delta from a degradation effect of oil exploration. It is also important that the Environmental Guidelines and Standards for the Petroleum Industry in Nigeria (EGASPIN) that stipulated that the spiller should be responsible for the clean-up of the site and restoration to the original state should be adequately empowered and enforced on oil prospecting companies in the Niger Delta to reduce the risk and hazard posed by heavy metals to humans and the ecosystem.
